medicine has unique advantages in inhibiting malignant tumor growth, regulating immunity, increasing the efficiency, and reducing side effects of radiotherapy or chemotherapy.
In ancient books of traditional Chinese medicine (TCM), there is no mention of "lung cancer," but similar records of lung cancer symptoms have been documented. For example, "Suwen Qibinglun" (one ancient book of Chinese medicine) said, "the disease is called Xiji, which has the symptoms of fullness under the ribs and adverse rising of qi, etc." "Shengji Zonglu" (another ancient book) recorded, "pulmonary retention, also called Xiben, expresses cough and hemoptysis." The pathogenesis of lung cancer [6, 7] is extremely complicated, in which the deficiency of healthy qi is considered primary while the spread of pathogen toxins to the whole body is considered secondary.
In this article, we attempted to analyze the data of Chinese medicine compounds utilized for NSCLC treatment (in the chemotherapy stage) from the Beijing 301 Hospital, during 2010-2017. We performed frequency analysis, [8] cluster analysis, [9] association rule analysis, [10] and factor analysis, to calculate the frequency of TCM and its four natures, five flavors, meridian tropism, and efficacy variables. We assessed drug groups for treating lung cancer, analyzed the combination rules of various Chinese medicines in compounds quantitatively and qualitatively, analyzed the law of drug utilization, and discussed various consensus and rules for the use of TCM in NSCLC treatment.
All these outcomes could provide objective data for the clinical treatment of NSCLC, improving the efficacy of TCM in the treatment of lung cancer and providing reference for future clinical treatment and novel drug research and development.
search Methods

Prescription source
From 2010 to 2017, TCM compounds used for NSCLC treatment (with chemotherapy treatment) were collected from the Beijing 301 Hospital, obtained from the National Scientific Data Sharing Platform for Population and Health.
chInese MedIcIne coMpound screenIng and entry
Inclusion criteria
All TCM compounds for NSCLC treatment were included.
Data specification
We referred to the "Twelfth Five-Year Plan" textbook of "Chinese Pharmacy" and the 2015 edition of the "Chinese Pharmacopoeia" of the National Higher Hospital of TCM and regulated the names of TCMs, such as Epimedium and Xianlingpi, termed Epimedium in this research. Furthermore, efficacy was classified. For example, Codonopsis pilosula, processed licorice, and fried Atractylodes macrocephala were classified as qi-tonifying drugs. Cooked rehmannia, peony, and Angelica were classified as blood-tonifying drugs.
Data processing and analysis
The TCM compounds utilized for the treatment of NSCLC were established in the prescription database using the Excel software. Excel (Microsoft Corporation, Redmond, Washington, USA) was used for frequency analysis, SPSS 22.0 (SPSS 21 Inc., Chicago, IL, USA) was used for factor and cluster analysis, and the SPSS Modeler14.2 (Inc., Chicago, IL, USA) software for employed for association rule analysis.
results and analysIs
Based on the search and screening, 231 Chinese medicinal compounds were finally determined, and the Chinese herbal compounds were sorted to establish a database of Chinese herbal medicines for treating NSCLC as shown in Table 1 .
Analysis of absolute frequency and percentage frequency Analysis of absolute frequency and percentage frequency of high-frequency traditional Chinese medicine
The database listed a total of 389 types of Chinese herbal medicines. The Chinese herbal medicines whose frequency was below the average absolute frequency were excluded. A total of 135 types of Chinese herbal medicines remained, and the absolute frequency and percentage frequency analysis results are shown in Table 2 , with the arrangement of the Chinese herbal medicines in order of absolute frequency from high to low. Table 3 and Figure 1 present the heat-clearing and toxin-resolving drugs, especially Hedyotis diffusa and Cremastra appendiculata (D.Don) Makino, which are most commonly used in modern Chinese medicine for NSCLC treatment, with a percentage frequency of 7.98%. The second was the qi-tonifying drugs (7.75%), demonstrating no significant difference compared to the first. The percentage frequency of each of the top five categories of TCM was over 5.5%. Furthermore, the heat-clearing, toxin-resolving, and qi-tonifying drugs were at the forefront of these data mining results, indicating the importance to strengthen the body and dispel pathogens during NSCLC treatment.
Efficacy analysis of high-frequency traditional Chinese medicine
Analysis of meridian tropism of high-frequency traditional Chinese medicine
The meridian tropism of high-frequency Chinese medicine was 12. Arranged in the order of frequency from high to low, the frequency analysis results are shown in Table 4 and Figure 2 . The top six meridian tropisms were as follows: lung meridian (39.36%), spleen meridian (59.48%), liver meridian (55.80%), stomach meridian (34.46%), heart meridian (34.15%), and kidney meridian (29.35%), while each absolute frequency was over 1200. Furthermore, in lung cancer treatment, replenishing the spleen and stomach and regulating the heart, liver, and kidney were crucial.
Analysis of the four natures of high-frequency traditional Chinese medicine
Based on the analysis results in Table 5 and Figure 3 , the first four were cold (22.35%), warm (21.51%), gentle (21.51%), and slight cold (18.43%), and the absolute frequency of each of the top four natures of TCM was over 1000. Hence, our results demonstrated that Chinese medicines, with the four natures, i.e. cold, warm, gentle, and slight cold, were more commonly used for the treatment of NSCLC.
Analysis of the five flavors of high-frequency traditional Chinese medicine
In Table 6 and Figure 4 , in high-frequency Chinese medicines, the top three of the five flavors presented were sweet (66.26%), bitter (48.88%), and pungent (42.06%), with each absolute frequency exceeding 2400. Chinese medicines with the three flavors, i.e., sweet, bitter, and pungent were more commonly used for the treatment of NSCLC.
Factor analysis
In Table 7 , factor analysis was performed on every single Chinese medicine with an absolute frequency of over 41, and the results are presented in Table 7 and Figure 5 . The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was 0.850, which was over 0.5 (P < 0.05). Hence, factor analysis could be applied. In Table 8 , twelve common factors were finally extracted based on a featured root greater than one, and the cumulative contribution rate was 65.595%. In Table 9 , according to the principle that the load factor was greater than 0.5, ten groups of several drug-combination factors affecting NSCLC treatment were finally extracted. The extraction results and the specific treatment methods reflected by each group of drugs are shown in Table 10 .
Cluster analysis
The cluster analysis was performed on Chinese medicines with a frequency of 20 times or greater. The results of the analysis and the results of the combined extraction are shown in Table 11 and Figure 6 .
Analysis results of association rules
According to the association rules, the parameter support degree was over ten, and the confidence level was over 50 (the support degree reflected the frequency of the drug groups; the confidence level reflected the reliability degree and Contd...
the prediction intensity of the association rule of the drug groups). Using a priori for correlation analysis, the degree of association among TCM compounds was evaluated in the sNSCLC treatment, and the results are presented in Table 12 . There were 63 association rules for the drug groups. Among these, there were 36 association rules for the 36 drug pairs and 27 association rules for the 27 drug groups of the three Chinese medicines. As shown in Table 12 , the two TCM association rules, two drug pairs, Poria cocos (Schw.) Wolf → tangerine peel and processed Atractylodes → tangerine peel, ranked first with 73.20% support.
In addition, in the three TCM association rules, the three-drug groups, which were raw Scutellariae → processed Atractylodes and Poria cocos, raw-medicated leaven → processed Atractylodes and Poria cocos, tangerine peel → processed Atractylodes and Poria cocos, ranked first with 58.82% support.
dIscussIon
Lung cancer is a common malignant tumor that has a high disease incidence in clinics. In TCM, it is termed "Fei Ji" and "Xi Ben." According to Za Bing Yuan Liu Xi Zhu (an ancient book of TCM), "pathogen was accumulated in the chest, and the airway was blocked, so the qi was not allowed to pass." The pathogen could include phlegm, blood stasis, or indigestion induced by overeating, all of which could fight with the healthy qi. After the pathogen is successful, it accumulates and palpable blockages are formed. Strong evil qi will damage healthy qi, and finally cause organ dysfunction, poor qi-bood circulation and even tangible block. When the physical blocks appear in the lungs, lung cancer is present. The program formulated by the National Administration of TCM [11] in 2011 classified lung cancer into five types, including qi-stagnation and blood-stasis syndrome, phlegm-heat obstruction of the lung syndrome, lung-spleen qi deficiency syndrome, lung yin deficiency syndrome, and qi-yin deficiency syndrome. Currently, the treatment principle is generally based on replenishing the deficiency of the healthy qi and clearing of the residual pathogen and poison. In other words, this implies strengthening the healthy qi, dispelling the pathogen, consolidating the body resistance, and cleaning the source of disease.
We retrieved 231 formulas of Chinese medicine in the database and combined the results of the above data analysis to present the following outcomes: 
Treatment
Yizhong Bidu (another ancient book of Chinese medicine), written by Zhongzi Li, has presented that "at the beginning of the disease, the healthy qi is still strong, while the evil qi is still shallow. As the disease progresses, the evil qi is stronger, while the healthy qi is weaker. When the disease is long lasting, the evil qi invades, while the healthy qi disappears." Influenced by these thoughts, modern doctors [12] [13] [14] [15] believe "the theory of pathogenic toxin invading the lung," "the theory of phlegm-damp gathering inside," and "the theory of healthy qi deficiency." Hence, we believe that in the early stage of NSCLC treatment, the treatment mainly focuses on attacking the pathogenic factors, strengthening and attacking equally in the mid-term, and mainly strengthening the healthy qi in the later-term. Lung cancer [16, 17] is a kind of disease, which is deficiency in nature and excess in superficiality. Deficiency of healthy qi and serious cancer toxin will further damage the healthy qi. Hence, it is difficult to inhibit the progress of lung cancer by strengthening the healthy qi only.
Simultaneously, along with modern means of treatment (such as radiotherapy and chemotherapy), pathogen-attacking TCM can be used to enhance the efficacy and eliminate residual cancer cells. Zhongying Zhou, [18] a TCM master, put forward the "cancer toxin" theory, which indicated that "eliminating the pathogen precedes the strengthening the healthy qi." Furthermore, he proposed that in the late stage of lung cancer, the deep spreading of the toxin, such as lung cancer-brain metastasis and lung cancer-liver metastasis, occurred due to the exuberant phlegm-heat and toxin. Cancer toxins such as heat-toxin and phlegm-toxin [19] are the direct causes of lung cancer, so eliminating the pathogen mainly relied on heat-clearing and toxin-resolving.
In NSCLC treatment, the Beijing 301 Hospital has used a higher proportion of pathogen-attacking drugs, including heat-clearing and toxin-resolving drugs, and drugs clearing away heat and resolving phlegm, with heat-clearing and toxin-resolving drugs (7.98%) ranking first. In addition, the frequency of use of health-supporting drugs, such as qi-tonifying drugs and yin-nourishing drugs, was also high, with qi-tonifying drugs (7.75%) ranking second. The treatment method for NSCLC was based on clearing heat and relieving toxicity, tonifying qi, nourishing yin, clearing heat and removing phlegm, and clearing heat and purging fire. Based on research and analysis, it was observed that the NSCLC patients undergoing chemotherapy were prescribed the TCM treatment of clearing heat and relieving toxicity to eliminate the pathogen, tonifying qi and yin to strengthen healthy qi, and reflecting the principle of pathogen-eliminating and healthy qi-strengthening in a balanced manner. Ancient and modern doctors have had similar opinions: In lung cancer, due to qi stagnation, phlegm gathering and blood stasis are bound to each other to form the tumor block. The cancer toxin is the key to the disease progression; when blocked, the disease is developing abnormally, and pathological products, such as phlegm and heat toxin, consume qi and yin. Therefore, treatment is based on resisting cancer and relieving toxicity. Concurrently, supporting health is crucial to treat the primary disease, thus supporting and strengthening health throughout treatment. An NSCLC patient in the chemotherapy stage is still considered the early stage when the healthy qi is not deficient, and the evil qi is just beginning to take over. In addition, the cancer toxin is an important factor in the occurrence and development of lung cancer. Therefore, the main treatment is heat clearing and toxin resolving to attack the pathogen, due to healthy qi deficiency. Furthermore, it is also vital to tonify qi and yin to strengthen health. However, as the data were derived from NSCLC patients undergoing chemotherapy, bias of data results cannot be ruled out.
High-frequency Chinese medicines
The results demonstrated that five kinds of Chinese medicine, Modern clinical studies have indicated that the antitumor mechanisms of H. diffusa [20] included immune regulation, inhibition of tumor cell proliferation, inhibition of telomerase activity. C. appendiculata (D.Don) Makino has been commonly used as an anticancer agent in TCM, [21] containing a variety of alkaloids, that could inhibit the mitosis and proliferation of cancer cells and exhibit nonselective medium-intensity cytotoxic activity against cells, such as lung cancer cells and liver cancer cells. Astragali radix [22, 23] promotes tumor cell apoptosis, inhibits tumor proliferation, migration, and enhances immune functions. Atractylenolide [24] down-regulates the levels of factors associated with cancer-related cell differentiation. G. littoralis [25, 26] inhibits tumor cell migration and invasion and enhances T-cells, B-cells, white blood cells, lymphocytes, etc., thereby promoting immune function. Drugs clearing away heat to resolve phlegm, such as F. cirrhosa D.Don, [27, 28] can inhibit the efflux activity of P-gp, thereby reversing the multidrug resistance observed in tumor cells.
Combined with modern research on high-frequency Chinese medicine, the antitumor effect of TCM is mainly mediated through the following mechanisms: [29] (1) Activation of an immune response. 
Drug pairs and drug groups
Forty common drug groups were extracted using cluster analysis. Association analysis demonstrated that the drug pairs, Poria cocos → tangerine peel and processed Atractylodes → tangerine peel, were most commonly used.
In addition, the drug groups, raw Scutellariae → processed Atractylodes and Poria cocos, raw Massa Medicata Fermentata → processed Atractylodes and Poria cocos, tangerine peel → processed Atractylodes and Poria cocos, were most commonly used. Data analysis suggested that the four herbs, Poria cocos, Atractylodes, A. radix, and tangerine peel, often appeared in pairs or in groups of three, and each of the four herbs could strengthen the spleen.
The spleen is the foundation of acquired constitution, the source of qi and blood production. Furthermore, the spleen earth promotes the lung gold; hence, whether the lung qi is complete or not depends on whether the spleen function of transportation and transformation of water, grain, and refined essence are normal. As stated by Shiduo Chen in "Shishi Milu Zhengyifa" (another book of Chinese medicine), "it was very difficult to treat the lung by the routine treatment. It should be transferred to treat the spleen, replenishing the spleen qi, then the earth promotes the gold." Therefore, in the case of lung disease, it is especially necessary to invigorate the spleen and stomach.
Poria cocos promotes urination and invigorates the spleen, also calming the mind; A. radix replenishes the lung qi and spleen qi and promotes urination; Atractylodes invigorates the spleen and tonifies qi, dries dampness, and promotes urination; tangerine peel replenishes qi, invigorates the spleen, dries dampness, and resolves phlegm. The combination is selected based on the clinical type of the patient syndrome, invigorating the spleen and tonifying qi, to ensure that the spleen qi is smooth and the water, grain, and refined essence can be normally transported to the whole body.
Meridian tropism
The meridian tropism of TCM was mainly based on the lung, spleen, stomach, heart, liver, and kidney meridians. Danxi Zhu believed that "the qi and blood were uncoordinated, and diseases did not occur. Once stagnation occurred, various diseases generated; hence, the illness was mostly induced by stagnation." Clearly, qi and blood stagnation are keys to all diseases.
Based on the occurrence and development of lung cancer, the disease pathogenesis [30] is mostly based on the disorder of Zang-Fu qi and stagnation. Then, qi which cannot disperse the body fluid causes phlegm condensation, and qi stagnation and blood stasis lead to cancer. Lungs govern qi and control the dispersing and sending downward of qi. When healthy qi is deficient, the lungs are dysfunctional. Spleens and stomachs digest the food. Furthermore, they can also transport and transform water, grain, and refined essence. However, transportation relies on the lungs dispersing and sending downward to spread to the whole body. When the lung function is lost, the transportation of body fluid is abnormal, and the retention of water damp produces phlegm. The spleen is a source of phlegm, while the lung is a phlegm vessel. With phlegm in the lungs and disordered function, lung qi is obstructed and stagnated. Spleen insufficiency is primary, nature is deficient and the superficiality is excessive.
Therefore, in the clinic, H. diffusa and C. appendiculata (D.Don) Makino are used to clear heat, relieve toxicity, and attack pathogens, combined with Astragali radix, Atractylodes, and other qi-supplementing and spleen-strengthening drugs. If the spleen qi can be transported and can transform normally, there is no phlegm produced. Furthermore, when it takes a prolonged long time, it damages the collaterals, leading to collateral stasis, when the phlegm and blood stasis bind together called "Feiji.". Livers smoothen the qi. Emotional disorders can cause liver qi stagnation and loss of function, inducing abnormal body fluid transportation. Furthermore, the body fluid can condense into phlegm. Stagnation of liver qi can change into fire, and stagnated fire consuming the body fluid can refine fluid into phlegm. Liver wood can restrain spleen earth, causing spleen dysfunction in transportation and transformation, which permits the development of turbid phlegm, which may condense into the tumor mass.
Four natures and five flavors
The statistics demonstrated that cold, warm, flat, and slight cold were the main four natures, while sweet, bitter, and pungent were the main five flavors. TCM treatment is regulating the function of the entrails [31] and qimovement (upward, downward, inward, and outward movement). The lungs govern qi and breathing. Furthermore, it has functions of dispersing and sending downward qi, which are interdependent and mutually constrained to maintain the physiological functions of the lungs. Pungency medicines can be used to disperse dysfunctions of lung qi, and bitterness can be used to lower adverse rising. The spleen and stomach remain in the middle energizer, demonstrating the energy of upward and downward qi movement. In addition, the spleen sends the clear upward and the stomach sends digested foods downward. Treatment of spleen deficiency is mainly based on sweet and warm drugs, and treatment of stomach fire uses bitterness to adapt to stomach descent. The liver and kidney are in the lower energizer, and the liver blood, kidney essence, and the ministerial fire are contained within. Liver and kidney diseases are mainly caused by the deficiency of yin blood and kidney essence, which can be combined with liver yang or ministerial rising fire. Sweet medicines tonify the liver blood or kidney essence, salty medicines tonify the kidney, acid medicines tonify the liver, and bitter medicines purge fire. Wu [32] observed that Chinese medicines of the lung meridian are mainly cold and have clinical effects such as relieving asthma, dispelling phlegm, and relieving cough. Moreover, the pharmacological effects also include dispelling phlegm, relieving asthma, and antitumor effects.
This study demonstrated that in the treatment of lung cancer, doctors commonly prescribed bitter and cold medicines. Furthermore, doctors used their efficacy of clearing heat and dampness and resolving phlegm for anticancer, antipyretic, and antiviral applications in the clinic. While bitter and cold medicines are mainly heat clearing and toxin resolving, clearing away heat could resolve phlegm. Chinese medicines of sweet flavor and cold nature can tonify yin and clear heat, which were mainly tonifying-yin medicines. Chinese medicines of sweet in flavor and warm in nature, can tonify yang qi, and relieve spasm.This kind of medicines is mainly tonifying qi medicines. Pungency medicine herbs can disperse and move, which move qi and activate blood. This kind of medicines is mainly qi-regulating medicines.
conclusIon
This study refined the academic opinions of the 301 hospitals in Beijing for the treatment of NSCLC through data analysis, and it was in line with the ancient and modern doctor's cognition and clinical application of the etiology, pathogenesis, treatment, and medication of the disease, so it can provide clinical reference for clinical treatment of NSCLC. However, because of the restrained data sources from only one hospital, the study lacked the generalization. Furthermore, as the data were derived from NSCLC patients during chemotherapy, data bias cannot be ruled out. Further research needs to sum up the regular pattern of the TCM treatment by utilizing multicenter and large samples.
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